Abstract Among disadvantaged persons living with HIV/ AIDS (PLHIV), patient-provider engagement, which has been defined as patient-provider relationships that promote the use of health care services and are characterized by active listening and supportive decision making, has been associated with antiretroviral therapy (ART) maintenance and viral suppression. However, chronic pain, depression, and substance use, all of which are prevalent in this population, can reduce the quality of patient-provider engagement. We hypothesized a model in which chronic pain, depression, and substance use would be associated with poorer patient-provider engagement, which would be positively associated with adherence, with the latter associated positively with viral suppression. We analyzed data from the BEACON study, which included surveys from 383 PLHIV who were primarily African American, on ART, and had histories of drug use. Due to six missing cases on the chronic pain variable, we used data from 377 respondents in a structural equation model. Chronic pain and depressive symptoms were significantly associated with poorer patient-provider engagement, while substance use was associated with better engagement. Patientprovider engagement in turn was associated with better ART adherence, which was associated with higher viral suppression. Results suggest the role of chronic pain in poor patient-physician engagement in this population, which has potential implications for quality of HIV patient care and health outcomes. Findings suggest the need for attention to patient-provider engagement in PLHIV.
Introduction
Chronic pain among persons living with HIV (PLHIV) is a common occurrence, especially among urban, disadvantaged individuals with a history of substance use [1, 2] . In the PLHIV population, pain is highly associated with reductions in physical functioning, retention in care, and overall quality of life [3] . While there is a dearth of studies on pain assessment and management among African American PLHIV who inject drugs, research suggests that these individuals may experience disparities in pain management compared to other racial and ethnic groups [4] [5] [6] .
PLHIV who use drugs are more likely than other groups to have their pain underestimated by medical providers, and to have less pain medication prescribed, which results in poor patient-provider engagement and unmanaged chronic pain [7] [8] [9] [10] . Patient-provider engagement includes providers thoroughly explaining treatment options to patients, fostering more of a partnership with the patient, and showing respect for patients and their decisions. For people who use drugs, medical providers have been less likely to prescribe effective pain medications due to their drug use history and the medications' potential for abuse [11] . Indeed, pain management can be a complex issue, especially among PLHIV with a drug use history that may also heighten their sensitivity to pain [12, 13] .
However, positive patient-provider engagement may help PLHIV alleviate chronic pain. For example, Lorig and colleagues found that PLHIV who experience pain, but have good rapport with their health care provider fare better in terms of reducing their pain [14] . Consistent and respectful patient-provider relationships, which can enhance patient-provider engagement in care, can increase the patient's trust in the provider, mutual agreement on treatment modalities, and patient adherence to treatment regimens. These results are associated with improved pain and other symptom management and quality of life [15] . In contrast, patients who experience poorer quality patient-provider engagement are less likely to disclose all of their health problems, which can impede effective treatment [16] . Indeed, better patient-provider engagement has been associated with medical care retention, adherence to antiretroviral therapy (ART), and reduced viral loads [17] .
Studies investigating relationships between substance use and patient-provider engagement have yielded mixed results. For example, studies have found patients who use substances are less likely to have a good relationship with their medical provider, including physicians, nurse practitioners, and physician assistants [17, 18] , while another study indicated better communication between PLHIV patients and their medical providers, which also included primary HIV physicians, nurse practitioners, and physician assistants [19] .
In addition, depression also affects patient-provider engagement. Patient depressive symptoms can skew patient perceptions of their providers and their interactions, affecting more negative and less satisfactory perceptions compared to perceptions of similar interactions by nondepressed individuals [20] . Depression may also impact patient-provider engagement because depressed patients may lack the energy or motivation to comply with the doctor's recommendations for treatment. This lack of compliance could strain the patient-provider relationship, which could lead to more negative attributions of the relationship by both patient and provider.
The objective of this study was to examine associations between chronic pain, depression, and current substance use, with patient-provider engagement among a sample of primarily urban African American PLHIV with a drug use history. We hypothesized that patients with more chronic pain and depressive symptoms, and those who use substances would report worse patient-provider engagement. We also hypothesized that patient-provider engagement would be associated with adherence, which would in turn would be associated with undetectable viral load.
Methods Participants
Baseline data, collected between 2008 and 2012, were analyzed from the BEACON study, which examined social environments and HIV medical adherence among the study population in Baltimore, Maryland [21] . Recruitment was through clinic-and street-based advertising. Inclusion criteria for participants were: (a) age of 18 years or older; (b) documented HIV sero-positive status; (c) current or former injection drug use; (d) current use of ART regimen defined as use in the prior 30 days; and (e) willingness to recruit at least one supportive partner to the study. Participants completed informed consent and received $35 for their participation in the survey. They also consented to a blood test to determine their viral load. The questionnaire was approximately 1.5 h and included questions on microsocial environmental influences on health behavior using computer-assisted personal interview (CAPI), in addition to more sensitive topics of ART adherence and illicit substance use using audio computer-assisted selfinterview (ACASI). The BEACON study was approved by the Johns Hopkins Bloomberg School of Public Health Institutional Review Board.
Measures

Outcomes
Undetectable plasma viral load was measured by the Roche Cobas Amplicor. Values were dichotomized to undetectable (\50 copies per mL) = 1 versus detectable (C50 copies per mL) = 0 [22] . Adherence was calculated based on self-reported number of pills missed in the past 7 days with 1 = 100 % adherence versus 0 = less than 100 % adherence.
Patient-provider engagement was conceptualized as a latent variable that was measured with 7 items (e.g., ''My doctor listens to me,'' ''My doctor answers my questions,'' and ''My doctor involves me in decisions'') rated on an ordinal scale from 0 = Never to 3 = Always [18] .
Independent Variables
Pain was measured by the question, ''How often have you been bothered by pain in the past six months?'' with response options never, sometimes, often, and always, which were dichotomized into 1 = always/often versus 0 = sometimes/never [23] . Substance use, which was dichotomized as 1 = current substance use versus 0 = no current substance use, was assessed by items measuring self-reported use of heroin, prescription opioids, cocaine, crack, stimulants, or barbituates in the previous 6 months; or binge drinking at least once per week in the previous 30 days [24] . Depressive symptoms were measured by the Center for Epidemiologic Studies Depression Scale (CESD-20), and dichotomized using the established cut point of 16 to indicate probable depression [25] .
Analyses
Frequencies and means were run on the study variables of interest and demographic characteristics in SPSS v. 22 [26] and the patient-provider engagement factor was fit in Mplus 7.0 [27] . Next, bivariate associations were examined. Subsequently, we used a structural equation model with a chain of three outcomes: patient-provider engagement (first level), adherence (second level) and viral load (third level). The first level outcome was specified to be associated with the independent variables. The higher level outcomes were regressed on lower level outcomes as well as the independent variables. Paths that were statistically non-significant were removed from the model.
Results
In this sample (N = 377), the mean age was 48 years (Standard Deviation = 6 years) and 38.5 % were female (Table 1 ). While the sample was primarily African American (85.9 %), other racial groups were included as well, such as White (6.5 %), Asian/Asian American (.3 %), Native American (2.1 %) and multiracial (5.2 %). The majority of respondents earned less than $1000 per month (80.3 %). Approximately one-third (32.4 %) of respondents reported having pain often or always in the previous 6 months. More than half (63.7 %) had used at least one illicit drug in the past 6 months or binged on alcohol at least weekly in the past 30 days. Two-fifths (40.6 %) of respondents had probable depression.
Ratings for the patient-provider engagement items were high, with means ranging from 2.52 to 2.84 on the 0-3 rating scale (Table 2 ). An exploratory factor analysis with the seven items measuring patient-provider engagement indicated an underlying single dimension with good model fit 
Discussion
The purpose of the present study was to assess the effects of chronic pain, depression, and current substance use on patient-provider engagement among a cohort of African American PLHIV with a history of substance use. Our results suggest the vast majority of current or former drugusing, primarily African American PLHIV reported good patient-provider engagement, characterized by positive, supportive relationships with their primary care provider. Specifically, ratings of better engagement were based on patients' reports of having medical providers who listen to them and provide them with needed information, as well as providers who share decision-making with them and respect their decisions.
Relationships characterized by open engagement and patients' perceptions of physician respect were associated with PLHIV having less chronic pain, not being depressed, and currently using substances. Our findings were contradictory to previous research indicating that African Americans, especially among those with histories of drug use, tend to experience disparities in pain management [4] [5] [6] . Compared to participants in previous studies, it is likely that the drug-using respondents in our study differed in patient-provider engagement because they were regular patients at an HIV clinic and the majority were adherent to highly-active antiretroviral therapy (HAART) and achieved viral suppression. Also, our results should be considered in light of HIV patients' pain adversely affecting their HIV health outcomes through its effects on their relationship with their health care provider.
Prior researchers have found that medical providers may have little empathy for patients' pain and limited knowledge regarding prescribing medications to help PLHIV manage their pain effectively [29] [30] [31] . This may explain why PLHIV in our study with chronic pain rated their physicians lower on patient-provider engagement. Therefore, it is possible that PLHIV with medical providers who are more empathetic and have greater knowledge of pain treatment may receive higher engagement ratings by their patients who may feel they have a better patient-centered relationship with their provider. Indeed, better engagement is linked with a more patient-centered relationship, which could affect the quality of assessment and treatment options.
Our results suggest the importance of patient-provider relationships in the management of chronic pain. The provider can be a valuable source of social support and information that is useful to the PLHIV pain patient in managing pain symptoms. Our results suggest that ensuring a supportive, patient-centered relationship between HIV primary care physicians and their patients could be a useful intervention as part of a comprehensive approach to patient pain management. This result supports a previous study, which found that patient-centered engagement was associated with better pain-related outcomes among patients with chronic pain in primary care settings [32] . In addition, we found that patients who were depressed rated patient-provider engagement lower. This is likely due to depressed individuals having more negative thinking and attributions. Depression may contribute to worse doctorpatient relationships by making patients less responsive and less forthcoming about their ailments. These actions could decrease the likelihood of the physician being able to ascertain a full description of the pain symptoms, which would impede the physician's ability to provide effective help in managing chronic pain. Also, treating chronic pain along with the depressive symptoms could lead to prioritization of problems with some health conditions, such as depression, being considered secondary to the chronic physical condition [20, 33] . These findings may also be explained by prior research that demonstrates greater depressive symptoms, in conjunction with problem alcohol use, was associated with less counseling on the part of the physician, suggesting worse doctor-patient engagement [19] . Therefore, poor patient-provider engagement among people who use drugs likely has implications for provider counseling, especially for addictions counseling in particular.
Moreover current substance use was positively associated with patient-provider engagement. This finding supports previous research which found a similar relationship between illicit drug use and better patient-provider communication [19] . Specifically, among PLHIVs, illicit drug use was associated with more negative statements made by primary HIV physicians, nurse practitioners, or physician assistants with their patients, which suggests that patients who make more negative statements are confronting, rather than avoiding, conflict; thereby, having a more open and honest interaction with their medical provider [19] . Having more open conversations with their providers likely helps the patient because the medical professional is more informed about barriers to health maintenance, such as drug use, that the patient may be confronting. Therefore, the physician may be better equipped to help drug-using patients achieve their health goals, including maintenance of HAART treatment. However, it is important to note that current drug use still had an independent and negative effect on adherence.
As hypothesized, patient provider engagement was associated with adherence, which was in turn associated with undetectable viral load. These results suggest support for previous findings that patient provider engagement can facilitate better health outcomes for patients, likely by increasing retention in care and adherence to medical regimens, such as HAART therapy for PLHIV [34] .
Limitations
This study has several limitations. First, the data were cross-sectional, which prevents the ascertainment of fluctuations over time of factors such as depression and drug use. Second, participants were predominantly African American, insured, and on HAART, which limits the representativeness of the sample and thus generalizability of the findings. Next, several measurement limitations exist, such as lack of distinction with regard to frequency and severity of pain symptoms over time. In addition, it was not ascertained for this study whether or not the HIV primary medical provider was the one to prescribe pain medication, if any was prescribed. Also, we did not assess duration of time spent seeing a particular physician and we did not ascertain the number of visits for illnesses when participants saw doctors other than their HIV primary care physicians.
Conclusions
Our results underscore the important role of the medical provider in helping patients with HIV reduce their incidence for chronic pain and suggest the importance of supportive patient-provider engagement regarding chronic pain reduction. These results suggest that future interventions to reduce chronic pain should target providers and their engagement skills as part of a pain-alleviation intervention. Patient-provider engagement and supportive relationships, which are principles of palliative care that aim to reduce suffering and improve quality of life, may help to promote physical and mental health outcomes [35] .
Merlin et al. [36] note the dearth of interventions targeting PLHIV to address chronic pain management. Our research findings suggest the relevance of patient and physician interactions in addressing chronic pain. In sum, our results suggest that having chronic pain and being depressed may strain the patient-provider relationship by affecting the patient's perceptions of engagement quality. Based on previous research, it is likely that these poorer quality relationships affect PLHIV's retention in care, adherence to HAART, and maintenance of low viral loads. Therefore, intervention is warranted to strengthen the patient-provider relationship, especially among patients with chronic pain and depression.
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